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A polyurethane resin for color inks 

The present invention relates to a polyurethane resin for color inks, to a coating 
composition comprising said polyurethane resin, to the use of said polyurethane resin for 
printing plastic substrates, to a method of producing a polyurethane resin and to a method 
of producing a laminate carrying a printed image, according to the preamble of the 
independent claims. 

Polyurethane resins are the binders of choice in solvent borne coating compositions for 
plastic films and in the production of image carrying laminates. Laminates are multi- 
layered shaped articles in which - according to the needs of the final article -each of the 
layers consist either of the same or of different materials. The preferred materials are 
paper, wood, textiles, metal and plastic films. In the field of food packaging, the laminates 
are mostly made from plastic or metal films, in particular metallized films, or a 
combination of both. Film materials are chosen such that the laminates can be subjected 
to sterilization processes without deterioriation of the film and/or the laminate. As a further 
advantage laminates impart to prints or generally images a satisfying appearance with 
respect to gloss and color fastness. Generally laminates are produced by either joining two 
or more layers by means of adhesives or by adhesive-free extrusion coating. Irrespective of 
the production process a print or generally any kind of image which does not necessarily 
have to be printed can be applied to one or both of the layers prior to applying the next 
layer (Rompp Lexikon, Lacke und Druckfarben, ed. U.Zorll, Georg Thieme Verlag, 
Stuttgart, New York 1 998, p.2 1 4 and 3 1 8). 

Coating compositions for laminates, which are mainly in the form of printing inks, have to 
satisfy high standards. The resin as the film forming part of the composition must provide 
the dried layer with the required adhesive strength both to the underlying substrate and to 
the adhesive or to the extruded layer. As a further requirement the resin must impart to the 
dried layer stability during and after sterilization processes and/or treatment in boiling 
water even over a prolonged period of time (e.g. during food preparation). Further the 
dried layer must show blocking resistance and stability during sealing of the laminate (e.g. 
in the production of bags). The composition - as a printing ink -must be printable in flexo 



WO 2005/005505 



2 



PCT/EP2004/007285 



and gravure printing processes which are the techniques commonly used for printing 
plastic films. Thus, the resin must allow the printing ink to be thinly liquid, rapidly drying 
and to be soluble in esters and in alcohols, in particular in ethanol. 

Suitable polyurethane resins are known, for example, from EP-A-0 604 890, WO 
01/1 4442 or WO02/38643. 



The present invention is related to a polyurethane resin, obtainable by 

a) reacting 1-isocyanato-5-isocyanatomethyl-3,3,5-trimethylcyclohexane (isophorone 
diisocyanate (IPDI) alone or together with one or more aliphatic diisocyanates, with 
a polyether polyol having an average molecular weight in the range of 1000 to less 
than 3000 g/mol; 

b) adding a diamine; 

c) adding a polyol having an average molecular weight of equal or less than 800 
g/mol; and 

d) optionally reacting the product obtained in steps a) to c) with at least one 
terminating agent 

wherein the ratio of equivalent weights of diisocyanates to the group of isocyanate- 
reactive components consisting of the said polyether polyol, the said diamine, the said 
polyol, and the said terminating agent is 1 :1 or greater than 1 . 

According to the present invention, all molecular weights are weight average molecular 
weights. When ranges are given, the respective boundaries are understood to be included. 

The polyetherpolyol component of the polyurethane resin of present invention is 
generally defined by the formula 

HO-f-RO-^H 

wherein R is a C 2 to C 10 straight chain or branched hydrocarbon group. Preferably, R is an 
alkylene group comprising 2 to 4 carbon atoms. Examples of preferred polyether polyols 
include polyethyleneether glycols (PEC), polypropyleneether glycols (PPG) and 
polytetramethylene ether glycols (Poly-THF). According to the present invention, the use 
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of Poly-THF is particularly preferred. In the above formula, n is chosen such that the 
average molecular weight of the polyether polyol ranges from 1000 to less than 3000, 
preferably from 1000 to 2000. An especially preferred polyetherpolyol of the present 
invention is Poly-THF 2000. 

The diisocyanates and the polyether polyol are reacted with each other to form a first 
isocyanate-terminated prepolymer. Therefore, an excess of one or more diisocyanates is 
reacted with the polyetherpolyol. According to the present invention, the ratio of 
equivalent weights of diisocyanate components to polyetherpolyol is in a range of 
between 3,6: 1 and 1 :1, preferably about 2:1 . 

The reaction is carried out under conditions which are well known to those skilled in the 
art. According to a preferred embodiment, the reaction is carried out in the presence of a 
solvent using well-known catalysts. 

Examples of suitable solvents are alkyl acetates such as methyl acetate, ethyl acetate, 
propyl acetate, butyl acetate and pentyl acetate. The total amount of solvent typically 
ranges from 0 to 90 percent by weight of the reaction mixture, preferably from 25 to 60 
percent by weight of the reaction mixture. 

A catalyst may be advantageously employed to accelerate the reaction of diisocyanate 
with diol. Suitable catalysts are tin derivatives such as stannous octylate, stannous oxalate, 
dibutyltin dilaurate, zinc derivatives such as zinc diacetate, zinc bisacetyl acetonate or 
Organotitanium compounds such as tetrabutytitanate, or mixtures thereof. 

Further additives may be present. For example, an antioxidant such as Irganox 1076 
(octadecyl-3,5-di-t-butyl-4-hydroxyhydrocinnamate) may be added. 

Formation of the isocyanate-terminated prepolymer is generally carried out at a 
temperature ranging from 0 to 130°C, preferably ranging from 50 to 90°C. The time of the 
reaction generally ranges from a period of from 1 to 12 hours, preferably from 1 to 4 
hours. 
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The thus formed isocyanate-term mated prepolymer is chain-extended with a diamine. The 
diamine can be any aliphatic, cycloaliphatic, aromatic, or heterocyclic diamine having 
primary or secondary amino groups. Example are ethylenediamine, 1,2-diaminopropane, 
1,3-diaminopropane, diaminobutane, hexamethylenediamine, 1,4-diaminocyclohexane, 
3-aminomethyl-3,5,5-trimethylcyclohexylamine (isophorone diamine), m-xylylene 
diamine, 1,2-diaminocycIohexane such as DCH 99 sold by DuPont, or 1,3-bis 
(aminomethyl) cyclohexane. According to the present invention, isophorone diamine is 
particularly preferred. 

According to the present invention, it is preferred that only a small chain-extension with 
the diamine is carried out. Therefore, the ratio of equivalent weights of the isocyanate- 
terminated prepolymer to the diamine components is in a range of 10:1 and 5:1, 
preferably 7:1 and 5:1. Thus, the product of this reaction is a chain-extended isocyanate- 
terminated prepolymer. 

The reaction is carried out under conditions which are well known to those skilled in the 
art. According to a preferred embodiment, the reaction is carried out by adding the 
diamine dissolved in one of the solvents mentioned before as solvents for the reaction of 
the diisocyanate with the polyetherpolyol to the reaction mixture. The reaction is 
generally carried out at a temperature ranging from 0 to 90°C, preferably from 25 to 75°C, 
for 5 minutes to 2 hours. 

The chain-extended isocyanate-term inated prepolymer is reacted with a polyol having an 
average molecular weight of equal or less than 800 g/mol. According to the present 
invention, the term polyol is to be understood to comprise chemical substances having at 
least two hydroxyl groups. In this step, a significant chain extension of the prepolymer is 
carried out. According to the present invention, diols such as 1 ,4-butanediol, 1,6- 
hexanediol, neopentyl glycol, dihydroxy polyetherpolyols, polyesterpolyols or the like are 
preferred as polyol component. The ratio of equivalent weights of the chain-extended 
isocyanate-term inated prepolymer to the polyol component of this section is in a range of 
between 2:1 and 1:1, preferably 1,6:1 and 1,2:1. 
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The reaction is carried out under conditions which are well known to those skilled in the 
art. According to a preferred embodiment, the reaction is carried out by adding the polyol 
to the reaction mixture. The reaction is generally carried out at a temperature ranging from 
0 to 90°C, preferably from 25 to 75°C, for 30 minutes to 3 hours. 

The thus formed prepolymer may further be reacted with one or more terminating agents. 
The terminating agents can be chosen from the group consisting of amines and alcohols. 
Examples of amines are monamines and diamines are butylamine, dibutylamine, amino- 
propyl morpholine, aminoethylpiperazine, dimethylaminopropylamine, di(isopropanol) 
amine, aminoethoxyethanol, ethanolamine, dimethanolamine, 4-aminophenol, 
isophoronediamine, 1,2-diaminocyclohexane such as DCH 99 sold by DuPont, or oleyl 
amine. Examples of alcohols are 1-propanol, 2-propanol, 1-butanol, 2-butanol, neopentyl 
alcohol, ethanol, or oleyl alcohol. The ratio of equivalent weights of the prepolymer to the 
terminating agents is in a range of 1 0:1 and 2:1 . 

The reaction is carried out under conditions which are well known to those skilled in the 
art. According to a preferred embodiment, the reaction is carried out by adding the one or 
more terminating agents to the reaction mixture. The reaction is generally carried out at a 
temperature ranging from 0 to 90°C, preferably from 25 to 75°C, for 50 minutes to 1 hour. 

Optionally, the final product can be diluted in a solvent such as an alcohol, preferably 
ethanol, or an ester such as n-propyl acetate, in order to obtain a clear solution. 

It is important that according to the present invention, there is not used an excess of 
isocyanate-reactive components consisting of the said polyether polyol, the said diamine, 
the said polyol, and the said terminating agent. The presence of unreacted isocyanate- 
reactive components, in particular the presence of compounds having free amino groups, 
would adversely influence the characteristics of the final color ink. 

The thus prepared polyurethane resin has a weight average molecular weight in the range 
of 20000 to 80000 g/mol, preferably between 25000 to 55000 g/mol. The resin is soluble 
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in organic solvents comprising alcohols such as ethanol. The resin according to the 
present invention preferably has a degree of urethanisation between 10 and 30%. 

Depending on the chemical structure of the polyurethane resin and thus on the chemical 
nature of the reactands and their respective ratios to each other the printing inks are 
adjustable to the needs of different kinds of plastic substrates and/or application methods. 

Besides the polyurethane resin according to the present invention, the printing ink 
comprises components commonly used for flexographic and gravure printing inks. The 
main components beside the polyurethane resin are a colorant, at least one solvent and 
additionally additives such as wax. 

The colorant can be any color dye or pigment commonly used in flexographic and 
gravure printing inks. Examples are basic dyes such as Basic Red (CI 1), lightfast dyes such 
as Solvent yellow (CI 1 9), or pigments such as Lake Red C. 

In the printing inks, a resin such as nitrocellulose may be used as a carrier for the dye or 
pigment. 

According to the present invention, commonly used solvents such as alcohols, for 
example, ethanol or isopropanol, may be used. 

To the printing inks, commonly used additives may be added. Examples are surfactants, 
plasticizers, stabilizers or waxes may be used. The use of at least one wax additive is 
preferred. 

The term "film forming" is defined according to DIN 55945: 1 996-09. Film forming is the 
generic term for the transition of a coating layer from the liquid to the solid state. Film 
forming occurs by means of physical drying and/or curing. Both processes proceed 
simultaneously or one after the other. The polyurethane resin of the present invention is 
film forming under standard conditions (25°C, minimum 40% relative humidity). Whereas 
the term "drying" is more related to the process engineering used for drying the liquid 
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layer, such as ovens and temperatures, the term "curing" is related to the chemical 
processes within the resin during the drying process. The polyurethane of the present 
invention is of the non-crosslinking type. 

"Initial adhesion" is defined as being the adhesion immediately after drying and up to 30 
seconds maximum after drying of the layer. 

"Drying" means substantial removal of the solvent from the layer. The latter is one of the 
requirement that the layer becomes solid. The residual solvent in the layer is not more 
than 10% by weight of the weight of the overal solvent. A dried layer is a layer of a 
thickness between 4 and 6 urn in particular 5 urn after treatment in an IR-oven by 70 - 
80°C for less than one minute. In the solid state the layer is tack-free. In case the layer is 
thicker or thinner either the oven temperature has to be increased/decreased or the 
duration of heat treatment has to be adapted correspondingly. 

"Layer" and "image" are used synonymously throughout the specification. Layers and 
images are in form of pictures, writings, overprints,(overprint varnishes) and their meaning 
should not be limited by their form, extension and thickness. 

In the context of the present invention all technical terms shall be defined according to 
Rompp Lexikon, ed. U.Zoll, Georg Thieme Verlag Stuttgart, 1998. 

The present invention further encompasses a method of producing a laminate carrying a 
printed image, said method comprises the step of 

a) providing a printing ink comprising at least one organic solvent and at least one 
polyurethane resin of the present invention as at least one film forming binder and 

b) applying a layer to a first substrate by printing said printing ink provided in step (a) 
in a flexographic and/or gravure printing process to said first substrate 

c) removing said solvent from said layer applied in step (b) thereby drying and/or 
curing the layer 

d) applying an adhesive to the layer of step (c) and finishing the laminate by 
applying a second substrate on the adhesive. 
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Preferably, the first and the second substrates are of a plastic material, preferably of 
polyolefinic nature. The first and the second substrate can also be of different chemical 
nature like polyester or polyamide such as Nylon. 

According to the present invention, as an adhesive in this process can be used any 
conventional solvent-free adhesive or solvent-based adhesive. 

The adhesives are applied to the layer according to conventional methods, for example by 
using a hand coater. Alcohol-based adhesives are preferably diluted with a conventional 
diluent before application. Preferably, a solution containing 20 % by weight to 80 by 
weight, more preferably 30 by weight to 60 by weight of the adhesive is prepared hereby. 

In the case of those adhesives, it is preferred according to the present invention to apply 
said adhesive to the printed layer of a substrate, and then to finish the laminate by 
applying a second substrate on the adhesive. In the case of a solvent-free adhesive, 
however, it is more preferred to apply said adhesive to an unprinted layer of a substrate, 
and then to finish the laminate by applying the printed layer of a second substrate to the 
adhesive. 

Further part of the present invention is therefore a laminate produced by the method 
mentioned hereinbefore. Of course, the laminate can also be produced by extruding the 
second substrate on the first substrate carrying the dried layer. This method does not call 
for an adhesive. 

If necessary, the ink composition of the present invention can contain additional binder 
resins, e.g. cellulosic resins, acrylic resins, polyvinyl chloride. 
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Examples 



The present invention is hereinafter further illustrated with the aid of non-limiting 
examples. Unless otherwise indicated, all percentages are weight percents. 

Example 1 : Svnthesk of the polvurethane rain 

A five-neck flask equipped with two additions funnels, a gas introduction 
means, an agitator and a thermometer was charged with a mixture of 819 g (55 wt-%) 
ethyl acetate and 1,50 g (0.1 wt-% ) Irganox 1076. The mixture was thermostated at 25°C 
at an agitation velocity of 60 rpm and an nitrogen stream of 0.4rn 3 /h. The 
temperature was increased to 60-75°C, and 90,2 g (0,784 eq) of IPDI were added together 
with 0,900 g (0.06 wt-%) zinc bisacetyl acetonate (catalyst) to the flask. The agitation 
velocity was increased to 90 rpm. To the isocyanate solution, 400 g (0,4 eq) Poly-THF 
2000 were added over a period of 10 minutes. The reaction was conducted by a 
temperature of 60-75°C for 30-90 minutes. In the second step, a mixture of 5,77 g (0,068 
eq) isophorone diamine (IPDA) and 5,77 g ethyl acetate was added over a period of 10 
minutes. The reaction was conducted by a temperature of 60-75°C for 30-90 minutes. 
Thereafter, 9,89 g (0,220 eq) 1 ,4-butanediol were slowly added. After a reaction time of 
30 minutes, 2,07 g (0,034 eq.) monoethanolamine were added. After further 30 minutes, 
1 65,0 g (1 1 ,0 wt-%) of ethanol were added to obtain a polyurethane solution. 

The resulting polyurethane had the following characteristics: 

Dry content: 34% 

Viscosity: i 700 mPa s at 25°C 

Degree of Urethanisation: 1 9% 

Nitrogen content: 1 8% 

M w: 30000-60000 Daltons 
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Example 2: Preparat ion of a r-yan inl^ 

The final ink was prepared by mixing the following ingredients during 20 minutes : 

Nitrocellulose based cyan pigment 55,0 wt.-% 

Solvents 14-24wt.-% 

PEWax 1,0wt-% 

Polyurethane resin of example 1 20-30 wt.-% 

As solvents, commonly used solvents such as alcohols were used. 

The nitrocellulose based cyan pigment was prepared by grinding the following 
components in order to obtain a dispersion of said pigment: 

Collodion E 15 38wt-% 
Dehydrated alcohol 37 wt-% 

Blue pigment PB 1 5/4 25 wt.-% 

Collodion E 15 consists of 46 wt.-% nitrocellulose dissolved in ester, 22 wt-% isopropyl 
acetate and 32 wt.-% dehydrated alcohol. 



